Introduction
Between 2004 and 2006, unusual yeast isolates with phenotypic similarity to Candida haemulonii were recovered in culture from blood or ear samples collected from 23 patients in fi ve Korea hospitals [1] . All of these isolates showed some common features, in that they were less susceptible to amphotericin B or fl uconazole than are most other species of Candida . In addition, they were identifi ed as C. haemulonii with the Vitek 2 YST yeast card system (bioM é rieux, Marcy l ' Etoile, France). However, gene sequencing confi rmed that the blood isolates were C . haemulonii group I (one patient) or Candida pseudohaemulonii (seven patients), whereas all of the isolates (15 patients) from ear samples constituted a novel species most closely related to C . haemulonii [1] . Recently, Satoh et al . [2] proposed the (Patients 9 to 23) ( Table 1 ). All isolates were identifi ed by sequencing the internal transcribed spacer (ITS) region and D1/D2 regions of the 26S ribosomal DNA of their rRNA genes [1] . In the present study we attempted to depict the phylogenetic relationships of C. haemulonii , C. pseudohaemulonii , and the proposed novel species (isolates 9 to 23), the D1/D2 sequences were aligned using CLUSTAL W software [6]. Kimura ' s two-parameter model was applied for the calculation of evolutionary distance, and a phylogenetic tree was constructed by the neighbor-joining method [7] . A bootstrap analysis of 1,000 replicates was performed using MEGA version 4.0 software. Biofi lm formation was determined using spectrophotometric methods with microtiter plates, as described previously [5] . The isolates were grown in Sabouraud ' s dextrose broth containing a fi nal concentration of 8% glucose. Biofi lm production by each isolate was scored as negative, 1 ϩ , 2 ϩ , 3 ϩ , or 4 ϩ [5] and at least two tests were conducted with each isolate.
PFGE typing consisted of electrophoretic karyotyping (EK) and restriction endonuclease analysis of genomic DNA using Not I (REAG-N). The PFGE methods for DNA preparation, REAG digestion, and electrophoresis have been presented previously [8, 9] . Isolates that differed at one or more bands by EK were considered to have different karyotypes [8 -10] . For REAG-N, isolates were considered identical or similar when Ն 95% of the bands matched and those with less matching were considered different [8] .
Results and discussion
The phylogenetic tree based on the neighbor-joining analysis of the D1/D2 domains showed the relationships among the 23 patient isolates (isolates 1 to 23) examined, as well as the reference C. haemulonii strains available in GenBank (Fig. 1) . Although Lehmann et al . [11] described only two genetically distinct groups within the C. haemulonii complex (group I and group II), the phylogenetic tree in the present study revealed the presence of three additional closely related species, i.e., C. pseudohaemulonii , C. haemulonii AY267823, and the proposed new Candida species ( C. auris ). In the phlyogenetic tree, all of the C. auris isolates (isolates 9 to 23) were found to be phy-suggest that the capacity of non-C . albicans Candida species isolates to produce biofi lms in vitro in glucose-containing SDB may be a refl ection of the pathogenic potential of these isolates to cause central venous catheter (CVC)-related fungemia in patients receiving total parenteral nutrition. In our study, all of the C . auris isolates from ear specimens were biofi lm negative, but all isolates of C . haemulonii and C . pseudohaemulonii recovered from blood formed significant (3 ϩ to 4 ϩ ) biofi lms (Table 1) . Since all seven C . pseudohaemulonii isolates were from patients with CVC-related fungemia [1], we speculate that biofi lm formation is a potential virulence factor enabling C . pseudohaemulonii to cause CVC-related fungemia in these patients. logenetically closely related to C. pseudohaemulonii and C. haemulonii , as compared with other related yeast species . The antifungal resistance and relevant clinical features of all 27 isolates were also described in our previous report [1] .
In vitro biofi lm formation by Candida species is infl uenced by many factors that have been elucidated through the use of various model systems [4] . Shin et al . [5] reported considerable differences in biofi lm formation among Candida species grown in high glucose medium, and that biofi lm positivity occurs most frequently in isolates of C . tropicalis (80%), followed by C . parapsilosis (73%), C . glabrata (28%), and C . albicans (8%). In addition, they Fig. 1 A neighbor-joining phylogram based on Kimura ' s two-parameters of the D1/D2 domain sequences, depicting the relationships between Candida haemulonii, Candida pseudohaemulonii, the proposed novel species, C. auris, closely related to C. haemulonii (isolates 9 to 23), and other closely related yeast taxa. The lower bars indicate the genetic distances. The numbers indicate the confi dence levels from 1,000 replicate bootstrap samplings (frequencies Ͻ 50% are not indicated). The reference sequences are from the type strains of the species, which were retrieved from GenBank under the indicated accession numbers.
Fig. 2 Electrophoretic karyotyping (EK)
and restriction endonuclease analysis of genomic DNA using NotI (REAG-N) followed by PFGE for clinical isolates of Candida haemulonii (isolates 1 and 1a), Candida pseudohaemulonii (isolates 2 to 8), and Candida auris (isolates 9 to 23) from fi ve hospitals. See Table 1 To date, molecular typing of C . haemulonii and closely related species using PFGE has not been reported. The 27 isolates from the 23 patients yielded, with PFGE, 11 different karyotypes and 13 different REAG-N patterns (Table 1 and Fig. 2 ). Both the EK and REAG-N patterns of the C . haemulonii isolates from Patient 1 differed from those of the C . haemulonii ATCC 22991 strain. The C . pseudohaemulonii isolates from seven patients (Patients 2 to 8) at two hospitals revealed nine different karyotypes (K2 to K10) and fi ve different REAG-N types (N2 to N6). While all four serial isolates of C . pseudohaemulonii from one patient (Patient 5) had the same REAG-N pattern (N4), but they had four different karyotypes (K5 to K8), refl ecting karyotypic instability of the same clonal strain. This has also been noted for Candida glabrata [9] and Kodamaea ohmeri [8] . In addition, the 15 patient C . auris isolates revealed a common karyotype (type K11) and seven different REAG-N types (N7 to N13). All of these results suggest that REAG-N is more suitable for epidemiologic typing of C . pseudohaemulonii and C. auris as compared to EK.
The REAG-N analysis of the C . pseudohaemulonii isolates showed that the two types (types N4 and N6) were shared by seven bloodstream isolates obtained from four patients with CVC-related fungemia. Type N4 isolates were obtained from two pediatric patients (Patients 4 and 5) with overlapping hospital stays, which suggest possible nosocomial transmission of C . pseudohaemulonii in the same ward. The N6-type isolates were recovered from two patients (Patients 7 and 8) in the same pediatric intensive care unit (PICU), but their hospitalization periods were not concurrent and did not overlap. Therefore, further genotyping studies in a larger population including colonizing strains are needed for confi rming the persistence of the endemic clone in the PICU.
The 12 patient isolates of C. auris shared four REAG-N types (types N9, N10, N11 and N12). While the N11-type isolates were recovered from fi ve patients at three different hospitals, isolates of each of three REAG-N types (types N9, N10 and N12) were recovered from two or three patients at the same hospital. Considering the facts that all C. auris isolates in this study were recovered from ear specimens after frequent manipulation of the ear canal [1], and C. auris is seldom isolated from other clinical specimens or other hospitals [1,2], our REAG-N fi ndings suggest that some of these C. auris isolates may be of clonal origin.
